Socioeconomic status (SES) is associated with childhood anthropometry, but little is known about how it is associated with tissue growth and body composition. To investigate this, we looked at components of SES at birth with growth in early and mid-childhood, and body composition in a longitudinal study in Nepal. The exposure variables (material assets, land ownership, and maternal education) were quantified from questionnaire data before birth. Anthropometry data at birth, 2.5 and 8.5 years, were normalized using WHO reference ranges and conditional growth calculated.
, and child mortality (Cleland, Bicego, & Fegan, 1992; Houweling & Kunst, 2010) . In addition, a lower SES early in life has been associated with a lower attained adult height (Black et al., 2008) , lower educational achievement, and reduced income (Fernald et al., 2012) , all of which may help perpetuate intergenerational cycles of malnutrition and poverty (Conger & Donnellan, 2007; Victora et al., 2008) .
Evidence is also emerging of the importance of child growth (i.e., a change in anthropometric indices over time) during different periods in childhood, not only for immediate health but also for longer term health and education (Adair et al., 2013 ). In addition, child growth is an important short-and long-term marker and predictor of illness. The mechanisms by which SES might act upon child growth are known to be complex. For instance, it might alter illness patterns at different time points; such that a low SES may not only first increase the risk of contracting an illness, perhaps via poor sanitation, but may also later reduce the ability to treat such illness, perhaps via the family's limited capacity to access and afford healthcare. SES influence on the risk and severity of illness can in turn increase the metabolic demands on a growing child and reduce their ability to absorb nutrients, thus impairing growth. A greater understanding of how and when SES affects growth is important, particularly in countries in which poverty and undernutrition are common.
Much of our understanding about the relationship between SES
and nutritional indicators is that index child growth comes from cross-sectional studies, such as Demographic and Health Surveys, resulting in difficulty in inferring causality. In addition to this, the available evidence tends to report measures of anthropometry at single time points, with minimal body composition data, and do not include SES exposure prior to birth.
Using data from a longitudinal study in the south of Nepal, we aimed to examine the potential associations with child growth outcomes of three different distal components of SES, namely, household material assets, maternal education, and land ownership, all measured before birth. The outcomes comprised child anthropometry at three time points, growth in early childhood (0-2.5 years) and mid-childhood (2.5-8 years), and body composition at 8.5 years.
| PARTICIPANTS AND METHODS

| Setting
Nepal is among the poorest countries in the world. Its gross domestic product is estimated to be US$19.4 billion in real terms or $40.0 billion (US$1,500 per capita) in purchasing power parity, ranking it 102nd in the world (Central Intelligence Agency, 2013; Klugman, 2011 of children were underweight (weight-for-age ≤ 2 z scores) at birth, 2.5 and 8.5 years, respectively; 9%, 59%, and 29% were stunted (height-for-age ≤ 2 z scores) at birth, 2.5 and 8.5 years, respectively (Devakumar et al., 2014) .
| Procedures
The participants were children followed up from a randomised controlled trial of antenatal multiple micronutrient supplementation.
The full details of the trial have been described elsewhere. Briefly, the sampling frame for potential participants included all women attending Janakpur Zonal Hospital for antenatal appointments prior to 20 weeks of gestation. This included women who live in both urban and rural locations. Infants were then assessed in the hospital or at home within 72 hr of birth. Exclusions were multiple pregnancies, foetal abnormalities, and maternal illness of a severity that could compromise the outcome of pregnancy and if they lived outside of the region of Dhanusha and the adjoining region of Mahottari; 30% of mothers were <20 years old, 65% between 20 and 29 years old, and 5% ≥30 years old. Fifty-three percent of participants were urban dwelling (Osrin et al., 2005) .
Antenatal multiple micronutrient supplementation appeared to have no effect on length/height, no lasting effect on weight at 8.5 years of age, and no effect on conditional relative growth, so all children from intervention and control groups were included in the current study (Devakumar et al., 2014) . The children born in the trial were seen within 72 hr of birth and again at a mean 2.5 and 8.5 years of age. Assessments at 2.5 and 8.5 years were performed in a central research site in Janakpur by trained data collection staff (Vaidya et al., 2008; Devakumar et al., 2014 
Key messages
• Socioeconomic components at birth determine childhood anthropometry, conditional growth, and body composition.
• Maternal secondary education showed the strongest association with child growth and body composition.
• SES associations with body mass at 8.5 years were mostly attributable to fat mass variability.
accurate to 10 g, and at 8 years using Tanita BC-418 scales (Tanita Corp, Japan) accurate to 100 g. Scales were tared before each measurement and calibrated regularly. Body composition was assessed only at 8 years, using bioelectrical impedance with locally derived prediction equations obtained using isotope calibration (Devakumar et al., 2015) .
Information regarding our proxies for SES was gathered using questionnaire data collected at birth. The questions included an asset rank recommended at the time by the World Health Organization that stratified households into four categories, with more expensive items like a motor vehicle or a refrigerator given the highest ranking and having none of the items as the lowest rank (WHO, 1994) . The highest education level of the mother was recorded, and the amount of land owned by the family was estimated.
The current follow-up was approved by the University College , 2007) , were applied to create z scores for weightfor-age (WAZ) and height-for-age (HAZ), adjusted for sex. We defined stunting and underweight as HAZ and WAZ < −2 z scores, respectively. Longitudinal child growth was defined as conditional height (CH) and conditional relative weight (CRW) at two periods, 0-2.5 and 2.5-8.5 years, using the method described by Adair et al. (2013) . This calculates the change in growth from that expected for the child on the basis of previous size measures and accounts for the regression towards the mean, a known problem when assessing longitudinal growth (Adair et al., 2013) . A positive value represents faster than expected growth. CH takes into account previous weight and height values (as z scores), whereas CRW accounts for previous weight and height, and current height values (calculated as standardised residuals). CH can be considered a marker of skeletal growth and CRW a marker of soft tissue growth. The inclusion of birth data in the 8.5-year relative growth analysis had no effect on the model.
Relative leg length at 8.5 years of age was calculated as the ratio of leg length to height, presented as a percentage. Body mass index (BMI)
at this age was calculated as weight (kg) divided by squared height (metres). Lean mass index (LMI) and fat mass index (FMI) were calculated as in Equation 1.
Asset score, maternal education, and land ownership at birth were included as ordinal data. The two middle categories of asset score were merged due to low numbers, resulting in three levels (WHO, 1994) . Land ownership was classified as no land, ≤30 dhur (~500 m 2 ), and >30 dhur. Maternal education was classified as no education, primary, and secondary or higher education. Categories of SES variables are referred to in Tables 2-4 as levels 1 to 3 denoting their ascending order.
We investigated the association between SES and child growth using multiple regression, controlling for the antenatal trial allocation.
No other confounders were included in the models as the socioeconomic variables were the most distal in our conceptual model of putative relationships. We studied the association between SES and child growth in three different ways. First, we used linear regression to assess separately the relationship between each of asset score, maternal education, and land ownership, as exposure variables, and anthropometric indices HAZ, WAZ, or body composition variables, BMI, fat mass index, and lean mass index, as outcome variables.
Second, we used logistic regression to estimate the odds of stunting or underweight for each of the same exposure variables. Lastly, we used linear regression to assess the association between CH and CRW and each of the exposure variables. Statistical analysis was done in Stata (version 12.1; Stata Corp, USA).
3 | RESULTS collected from 628 children. Children lost to follow-up more likely to be urban residents (p < .0001) and their mothers had some education (p < .0001) but were otherwise similar to those retained in the study.
The mean ages at follow-up at the three time points were 0 (<72 hr of age), 2.5, and 8.5 years. At 8.5 years of age, just over half the children were underweight and approximately one third were stunted. Figure 1 shows scatterplots for HAZ and WAZ from birth to 8 years.
For HAZ and WAZ, we observed an average reduction of 1.15 and 0.87 z scores between birth and 8 years of age, respectively. Compared to HAZ, WAZ reduction was lower in this period, but infants were relatively lighter at birth. For HAZ, there appeared to be some recovery between 2.5 and 8.5 years of age, whereas WAZ showed a steady decline.
3.1 | Associations between SES and child linear growth (Table 2) The most consistent pattern of associations was between maternal education and HAZ, where each level increase of maternal education showed a positive increase on HAZ values at all ages. A similar but more attenuated pattern was observed for assets score, where positive and significant increases for HAZ values were observed for all levels at 2.5 years of age and only at the higher level at 8.5 years of age. Land ownership showed a less clear pattern, where only high levels of land ownership showed a positive increase on HAZ.
A similar pattern of associations was observed with the odds of being stunted at different ages. Maternal education showed the most consistent protective effect against stunting at all ages.
Greater assets score levels at birth were protective against stunting mainly at 2.5 years but also at 8.5 years for the higher level of assets score.
Only the higher levels of all three SES proxies showed a positive increase in conditional height growth between 0 and 2.5 years of age, and only the higher levels of maternal education and assets score between 2.5-8.5 years of age. Note. β = regression coefficient; CI = confidence interval; HAZ = height-for-age z score; OR = odds ratio; SES = socioeconomic status.
The comparator group for the SES variables are asset level 1, no maternal education, or no land.
FIGURE 1 Change in z scores. Black bars denote mean AE 1 standard deviation 3.2 | Associations between SES and growth in weight (Table 3) Maternal education showed the most consistent association with WAZ. Each level increase of maternal education showed a significant increment of WAZ at all ages, except at birth when comparing primary education versus no education. Again, a similar pattern was seen with assets score but only the higher levels of land ownership showed a positive increase in WAZ at 2.5 and 8.5 years.
For the odds of being underweight, we observed that at most ages, only the higher levels of maternal education or assets score showed a protective effect against being underweight in children.
Greater levels of land ownership before birth did not show a protective effect against being underweight.
The higher levels of maternal education had a significant positive association with greater conditional growth in weight on both periods, 0-2.5 and 2.5-8.5 years.
3.3 | Associations between SES and body proportions and composition at 8.5 years (Table 4) The SES proxies did not show a significant effect on relative leg length.
Only the greater level of each SES proxy showed a positive increase in BMI values at 8.5 years. When compartmentalising that positive effect into its two components, fat and lean mass, all three SES proxies showed a significant positive increase of fat mass, but only maternal education showed a significant positive increase of lean mass. Note. β = regression coefficient; CI = confidence interval; WAZ = weight-for-age z score; OR = odds ratio; SES = socioeconomic status.
The comparator group for the SES variables are asset level 1, no maternal education, or no land. Generally, SES proxies did not show a protective effect against being stunted or underweight at birth, but its protective effects were seen later in life. Interestingly, the protective effects were seen more clearly against stunting than against underweight. As expected, the most consistent pattern of associations between SES proxies and child growth and body composition was seen when moving from the lowest to the highest level of SES. Maternal secondary education appeared to have the strongest effect and was the only exposure that affected lean mass. In our results, changes in fat mass were more amenable to changes in SES.
Our definition of growth was not just a change in height or weight, but a deviation from expected values. The associations were generally greater for both conditional height and weight gain in the early life period, as might be expected as socioeconomic factors before birth will wear off over time.
The supporting information summarises the evidence from longitudinal studies that have investigated the association between the socioeconomic marker as in our study, and growth. Positive associations were seen between asset ownership and child growth in Ethiopia, India, Peru, Vietnam (Krishna et al., 2015) , and the Philippines (but not South Africa in the same study; Jones et al., 2008) , but this was not always consistent. Lourenço et al. considered children of a similar age to ours and showed a positive association between wealth and height (Lourenco, Villamor, Augusto, & Cardoso, 2012) .
Maternal education was the strongest explanatory variable, particularly for skeletal growth in early childhood. Cross-sectional studies across multiple countries have shown a positive association of maternal education with offspring height, or a negative association with stunting (Lakshman et al., 2013; Moestue & Huttly, 2008; Semba et al., 2008; Tiwari, Ausman, & Agho, 2014) . Similar findings on the importance of maternal education, particularly in early life, have been described in a longitudinal study in Brazil. Matijasevich et al. showed that maternal education was positively associated with differences in growth rates in height/length < 2.5 years of age (though not from 3 to 12 months) and that there was a lack of association later in childhood up to 4 years found a positive association between land ownership and child growth;
however, this was only in later child growth and not early growth (Lourenco et al., 2012) . Cross-sectional studies in Bangladesh showed that ownership of cultivable land was found to be protective against poor dietary diversity (Rah et al., 2010) and reduced incidence of diarrhoea and better weight and height gains compared to less land or landless (Hussain & Smith, 1999; Torres et al., 2000) .
| Limitations
We acknowledge that SES is a complex concept to define and that there are many alternative methods . We used three variables as proxies, each of which has limitations, but we feel that they cover different aspects of SES. We did not have accurate measures of consumption and felt that income would be unreliable as in this setting it is often seasonal, may be nonmonetary and may not be reported accurately. Our measure of land did not capture its location and importance to the family. A further limitation of the study was that many of the original participants chose to give birth at the main public hospital. These women were not from the poorest families (who tend to give birth at home) or the richest (who tend to use private hospitals). We therefore cannot generalise our results with certainty to the richer and poorer groups in the region, but we would expect the trend to be similar. Loss to follow-up of families from urban locations and mothers with high levels of education may have influenced the results. The differences, however, were small and we do not believe would have changed the conclusions.
In summary, our findings suggest that SES at birth affects the growth of children, with maternal secondary education having the greatest positive effect. We suggest that interventions to improve SES prior to the birth of the child would help to improve growth and would be of long-term benefit.
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